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Introduction
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> Objective: Investigation of the validity and stability of

the Guiding Centre (GC) algorithm to speed up
particle propagation in magnetised plasma simulation.

> 2 ion sources to consider:

ECRIS (Phoenix V2) confinement up to ~1ms.

Microwave discharge (MDIS) ion source (SILHI@GANIL) confinement
~1us.

» Methodology:

Implementation of two, otherwise identical, algorithms in ¢ to simulate
electron trajectories by Boris and the GC approximation.

Consistency check and computation time measurement of trajectories for
equivalent initial conditions with different time-steps (dt).

Identify a range of validity for dt.
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Implementation SC
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General initialization

> Number of electrons,
maximum propagation time
and time-step are given

> Read provided magnetic field GC initialization
gﬂgg Iilclfs' merge them into a \' » Map VB (speeds up the computation

> Set electrons’ position (r) per step without loss of accuracy)

(uniform disc) and velocity > For each electron:
(u = yv) (Maxwell-Boltzmann) " oy =u-b
= R=r+p

=  Compute magnetic moment u

Boris GC Approximation
Algorithm p a > ((ij—lt{ and % integrated concurrently by RK4
Output

» Track file (r, u, p (GC), ng, & t, tepy)
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Boris algorithm @@

» The standard for magnetised plasma simulations. GRENOBLE | MODANE

» Second order, explicit method. Energy conserving while only a magnetic
field is present.

> For B= 1T, Te=1/wg~35ps > dt~3ps.

n+35

— __ ..n q&t .r‘i+l
—un+1 - =2 (E{x"""{f}"' (un+l +un) . B(x"“"%}) = oo 2m B(2)
At m

1
ut=u +(u +(u xt)) xs

T

Discretised Lorentz force with: a1 4 gAt otk
=(u" ") /24" 3 u™ =ut + ——E(xT2)

with: 0" = u(t” — At/2) = 4" u(t" — At/2) and At = —neleV]

g , . Czer’n Np .
\ Proper velocity tim;step
Ter'anD

Np is the number of points to calculate per orbit at B,
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Guiding Centre (GC)
approximation

> Condition:

SC
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The magnetic dipole moment () is an adiabatic invariant if the

motion along the plasma chamber is slow compared to the cyclotron
motion .

Equivalently, the Larmor radius should be much smaller than the
length scale of VB.

B
p, K ——
* 7 |VB|
crossed
fields curvature and polarisation drift
dR . bxE b my s - A X A
AR L a o X —(v"{b.v)h+v”(u.v}b+v”(b.v}u+(u-v}u)+
B (1 - _EJT) 9
p N2 v b d(my*2vi2/(2B*))  dp*
—ViBll—- — + ——u with u=Ex — and = =0
vq 52 C2 E dt dt
i - e
4B drife relativistic f¢ invariance (*=frame of reference at u)
gra fi
d(~v . . - ton E?
v _ yu - (v (b V)b +(u- V)B)+ —E — b.v [B[1- —%
dt . L, m ym B2
direction change: u.v” exchange E acc. b ~

grad. B mirror force
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Phoenix V2 ECRIS @@gﬁ
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» Compact ECRIS commissioned for the SPIRAL 2 accelerator.
> 0.6L plasma chamber volume (L204mm , @63mm)
» Operation frequency of 18GHz

s somman, || 1.3-0.4-2.1 T B, Axial Mirror
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Phoenix V2 min-B field @@
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-2cm

Map fl|eS prOV|dec| to —-10cm —-Scm Ocm Sem
simulation VB [T/m]
= 2D for axisymmetric 0 10 20 30 40

solenoidal fields

= 3D for hexapolar
fields
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Figure: Phoenix V2 magnetic field and it’s gradient, longitudinal cross section map
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1 - P

ECR orbit Far From Axi
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Figure: Confined electron orbit components
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Figure: Confined electron orbit 3D plot

» Good agreement between Boris

SC

)BLE | MODANE

and GC with ~1pus of propagation.
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» GC algorithm ~20 times more

— Boris (dt=10"""s)
1490
computationally expensive per step

| |

— GC (dt=10"""5)

NOBLE | MODANE
— ec(dt=10""s)

— GC(dt=10""s)
1480 - revrress

E [eV]

~100 times larger timestep rends it faster.
» The GC trajectories are stable up to a

1470

100ps time-step, broken at a 1000ps
> T,.:= Boris computation time

1460
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corresponding propagation times
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ECR orbit Close To Axis (CTA) @f

» Disphasement observed between the

GC and Boris orbits

» Spatial envelopes are consistent.
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Figure: Confined electron orbit 3D plot
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Figure: Confined electron orbit components
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ECR orbit analysis (CTA)

» The observed disphasement is evident

» Good agreement between Boris and GC

> This orbit is one of the hardest for GC,
(high axial oscillation frequency)

> Stable at this time-scale
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Figure: Boris-GC orbit residual at
corresponding propagation times.

Energy conserved with both methods
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Figure: Boris-GC orbit residual at
corresponding propagation times.
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ECR confinement

Boris propagated e-
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-

> Goqcﬂ agreement for the confined electron distribution with both propagation
methods

Sample size 1000, largest valid dt (10-19s for GC and 10-12s for Boris)

- Oori

GC propagated e-
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SILHI@GANIL ion source SC
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» 2.45GHz operation frequency
» Microwave discharge ion source (MW)
> ~0.1T maximum solenoidal magnetic field. (2D map given)

» No magnetic confinement, one magnetic mirror towards extraction
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Figure: SILHI source with permanent e —
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Trapped orbit in SILHI @@
(one bounce)
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> Very good qualitative
agreement.

» A one bounce orbit chosen as it
is one of the most challenging
examples.

> A typical energy electron of
~1eV is confined for ~1pus. In
the absence of interaction

Figure: One bounce electron orbit components
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Trapped orbit analysis

» GC algorithm ~5.7 times more

computationally expensive per step.
» 10 times larger timestep rends it faster.

» The GC trajectories stable up to a 1000ps

time-step, broken at a 104ps.

Residual [mm]

GC up to ~10 times faster when compared

to Boris.
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Figure: Boris-GC orbit residual at
corresponding propagation times.
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GC algorithm validity @@Z\
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Figure: Validity condition for the GC algorithm for ECRIS and MDIS typical orbit
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The GC algorithm is more suitable for a
MDIS (SILHI type) source than for an ECRIS
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Conclusions and prospects

GRENOBLE | MODANE

» The GC algorithm can accurately reproduce electron trajectories in
the domain of both studied ion sources

= PHOENIX V2 ECRIS: B=1T, T,~1keV, volume=0.6L
= SILHI@GANIL: B=0.1T, T,~1eV, volume=0.6L

» The GC algorithm can provide an advantage in terms of
computation time for particle plasma simulations.

= This advantage is greater in a flat field, as observed for SILHI. The
time step can be increased by a factor of 103 with a computation time
two orders of magnitude smaller with respect to Boris.

= For the Phoenix V2 ECRIS the gains are more modest, with a time-
step increased by a factor of 102 and one order of magnitude gain in
computation time.

» A smart switcher for orbit integration could be implemented,
where the GC approximation is used with a large time-step when
valid and a high time resolution isn’t required.
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SILHI@GANIL B field and \
gradient @ﬁ\
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GC approximation validity by
electron’s kinetic energy

- PSC
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T [eV] Y v[m/s] ~v,[m/s] B[T] VB[T/m] p [um] B/VB (B/VB)/p
1 1.000002 593097 342425 0.64 27 3 0.024 7792
10 1.000020 1875511 1082827 0.64 27 10 0.024 2464
100 1.000196 5930105 3423748  0.64 27 30 0.024 779
1,000 1.001957 18727914 10812566 0.64 27 9% 0.024 246
10,000 1.019570 58455268 33749165 0.64 27 306 0.024 78
100,000  1.195695 164352596 94889016 0.64 27 1008 0.024 24
1,000,000 2.956955 282128500 162886965 0.64 27 4279 0.024 6
Table: ECRIS near ECR region
T [eV] Y v[m/s] ~v,[m/s] B[T] VB[T/m] p [um] B/VB (B/VB)/p
1 1.000002 593097 342425 0.102 0.3 19 0.340 17813
10 1.000020 1875511 1082827  0.102 0.3 60 0.340 5633
100 1.000196 5930105 3423748  0.102 0.3 191  0.340 1781
1,000 1.001957 18727914 10812566 0.102 0.3 604  0.340 563
10,000 1.019570 58455268 33749165 0.102 0.3 1918 0.340 177
100,000  1.195695 164352596 94889016 0.102 0.3 6324 0.340 54
1,000,000 2.956955 282128500 162886965 0.102 0.3 26848 0.340 13

Table: MDIS near plasma chamber centre





<<
  /ASCII85EncodePages true
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ABSALOM
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /ALIBI
    /AllegroBT-Regular
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /BankGothicBT-Medium
    /BaskOldFace
    /Batang
    /BATAVIA
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CASMIRA
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CharlesworthBold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DauphinPlain
    /EdwardianScriptITC
    /ELEGANCE
    /Elephant-Italic
    /Elephant-Regular
    /ELLIS
    /English111VivaceBT-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EXCESS
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GENUINE
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HELTERSKELTER
    /HERMAN
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /ISABELLE
    /JOAN
    /Jokerman-Regular
    /JuiceITC-Regular
    /JUSTICE
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /Lithograph-Bold
    /LithographLight
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MANDELA
    /Mangal-Regular
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MATTEROFFACT
    /MaturaMTScriptCapitals
    /MICRODOT
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /NATURALBORN
    /NEOLITH
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OPENCLASSIC
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /PosterBodoniBT-Roman
    /PRETEXT
    /Pristina-Regular
    /PUPPYLIKE
    /Raavi
    /RADAGUND
    /RageItalic
    /Ravie
    /REALVIRTUE
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SHELMAN
    /ShowcardGothic-Reg
    /Shruti
    /SimSun
    /SnapITC-Regular
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /Stencil
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TRENDY
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice


